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evacuation means for said plasma generation chamber and 
said processing chamber; 

wherein a circumferential length of said endless annu- 
lar wave guide tube, a wavelength of the microwave 
in said endless annular wave guide tube, a circumfer- 
ential length L_j of said dielectric member and a wave- 
length \ of the surface wave propagating in said 
dielectric member substantially satisfy a relationship: 

wherein n is 0 or a natural number. 

2. A microwave processing apparatus according to claim 

1, further comprising magnetic field generation means. 

3. A microwave processing apparatus according to claim 

2, wherein said magnetic field generation means is adapted 
to control the magnetic field in the vicinity of the slots al a 
raagnelic flux density approximately equal to 3.57x10"^^ 
(T/Hz) limes of a frequency of the microwave. 

4. A microwave processing apparatus according to claim 
„_ 1, wherein said substrate support means is provided at a 
L J position distant from a generation area of said plasma, 

5. A microwave processing apparatus according to claim 
f f% 1, further comprising means for irradiating the substrate to 
T\s be processed with optical energy. 

'f'l 6, A microwave processing apparatus according to claim 

'-J 5, wherein said optical energy includes ultraviolet light. 

if\ 7. A microwave processing apparatus according to claim 

if : 1, further comprising high frequency supply means con- 

_ ^ necled to said support means, : 

F=s 8. A microwave processing apparatus according to claim 

5 1, wherein said wave guide tube is provided therein with a 

first dielectric material. 

9. A microwave processing apparatus according to claim 
1, wherein said wave guide tube is provided therein with a 



£3 second dielectric material which is different from said first 

F.^T dielectric material. 

y 10. A microwave plasma processing apparatus compris- 
P ing: 

LJ a plasma generation chamber of which periphery is sepa- 



rated from ambient air by a dielectric member; 
microwave introduction means utilizing a endless annular 
wave guide lube provided around said plasma genera- 
tion chamber and having plural slots; 
a processing chamber connected to said plasma gene ra- 
tion chamber; 

support means for a substrate to be processed, provided in 
said processing chamber; 

gas introduction means for said plasma generation cham- 
ber and said processing chamber; and 

evacuation means for said plasma generation chamber and 
said processing chamber; 

wherein a central radius R of said endless annular wave 
guide tube, a wavelength of the microwave in said 
endless annular wave guide tube, a central radius of 
the dielectric member and a wavelength A., of the 
surface wave propagating in said dielectric member 
substantially satisfy a relationship: 

wherein n is 0 or a natural number 

11. A microwave processing apparatus according to claim 

10, further comprising a magnetic field generation means. 

12. A microwave processing apparatus according to claim 

11, wherein said magnetic field generation means is adapted 
to control the magnetic field in the vicinity of the slots at a 
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magnetic flux density approximately equal to 3.57x10'" 
(T/IIz) times of a frequency of the microwave. 

13. A microwave processing apparatus according to claim 
10, wherein said substrate support means is so provided as 

5 to place the substrate at a position distant from a generation 
area of said plasma. 

14. A microwave processing apparatus according to claim 
10, further comprising means for irradiating the substrate to 
be processed with optical energy. 

10 15. A microwave processing apparatus according to claim 
14, wherein said optical energy includes ultraviolet light. 

16. A microwave processing apparatus according to claim 
10, further comprising high frequency supply means con- 
nected to said support means. 

15 17. A microwave processing apparatus according to claim 
10, wherein said wave guide tube is provided therein with a 
first dielectric material 

18. A microwave processing apparatus according to claim 
10, wherein said wave guide tube is provided therein with a 

20 second dielectric material which is different from said first 
diyleclric material. 

'^19. A micre^Nvave plasma processing apparatus compris- 
ing: 

a plasma gener^ion chamber separated from ambient air 
25 by a first dielectric material; 

a processing chanibcr connected to said plasma genera- 
tion chamber; 

means for supporting^ substrate to be processed, pro- 
vided in said processing chamber; 
microwave introduction means utilizing an endless annu- 
lar wave guide tube provided around said plasma 
. ^ generation chamber and pfovided wiih plural slots; 
-^//V^ means for introducing gas fo^said plasma generation 
& 35/ Cham 

/<< evacuation means for said plasma 5f neration chamber and 
N/ said processing chamber; 

wherein an interior of said annular Vave guide tube is 
filled with a second dielectric material which is the 
40 same as or different from said first dielectric material. 

20. A microwave processing apparatus according to claim 
19, wherein a ratio of dielectric constants of said first and 
second dielectric materials is approximately equal to a 
reciprocal of a square of the ratio of a circumferential 

45 lengths of said first and second dielectric materials. 

21. A microwave processing apparatus according to claim 
19, further comprising a magnetic field generation means. 

22. A microwave processing apparatus according to claim 
21, wherein (he magnetic Geld in the vicinity of the slots has 

50 a magnetic flux density approximately equal to 3.57x10"" 
(T/Hz) limes of a frequency of the microwave. 

23. A microwave processing apparatus according to claim 
19, wherein said substrate support means Ls provided at a 
position distant from a generation area of said pla.sma. 

55 24. A microwave processing apparatas according to claim 
19, further comprising means for irradiating the substrate to 
be processed with optical energy. 

25. A microwave processing apparatus according to claim 
19, further comprising high frequency supply means con- 

60 nccted to said support means. 

\J26. A microwave plasma processing method utilizing a 
microwave plasma processing apparatus comprising a 
plasma generation chamber of which periphery is separated 
from ambient air by a dielectric member; microwave intro- 

65 duction means utilizing an endless annular wave guide tube 
provided around said plasma generation chamber and pro- 
vided with plural slots; a processing chamber cormecled to 




strate lo be processed; provided in said processiog chamber; 
gas introduction means for said plasma generation chamber 
and said processing chamber; and evacuation means for said 
plasma generation chamber and said processing chamber; 
adapted lo efEect a plasma process on said substrate by 
selecting a circumferential length of said endless annular 
wave guide tube, a wavelength of the microwave in said 
endless annular wave guide tube, a circumferential length 
of said dielectric member and a wavelength of (he surface ; 
wave propagating in said dielectric member so as to sub- 
stantially satisfy a relationship: 

wherein n is 0 or a namral number. 

27. A microwave processing method according to claim 

26, wherein the plasma process is efifected under application 
of a magnetic field. 

2S. A microwave processing method according to claim 

27, wherein said magnetic field is so controlled that the 
magnetic field in a vicinity of the sluts is at a magnetic flux 
density approximately equal (o 3.57x10'^^ (TfUz) times of 
a frequency of the microwave. 

29. A microwave processing method according to claim 
26, comprLsiug a step of placing said substrate on said 
substrate support means at a position distant from a genera- 
tion area of said plasma. 

30. A microwave processing method according to claim 
26, wherein the plasma process is effected under irradiation 
of the processed substrate with optical energy. 

31. A microwave processing method according to claim 
30, wherein said optical energy includes ultraviolet light. 

32. A microwave processing method according to claim 
26, wherein the plasma process is efifected by supplying high 
frequency to said support means. 

33. A microwave processing method according to claim 
26, wherein a interior of said wave guide tube is filled with 
a first dielectric material. 

34. A microwave processing method according to claim 
26, wherein an interior of said wave guide tube is filled with 
a second dielectric material which is different from said first 
dielectric material. 

35. A microwave processing method according to claim 
26, wherein said plasma process is film forming. 

36. A microwave processing method according to claim 
26, wherein said plasma process is etching. 

/37. A microwave processing method according to claim 
26, wherein said plasma process is ashing. 



/ 38- A microwave plasma processing method utilizing a 
micTowave plasma processing apparatus c*omprising a 
plasma generation chamber of which periphery is separated 
from ambient air by a dielectric member; microwave intro- 
duction means utilizing a cylindrical endless annular wave 
guide tube provided around said plasma generation chamber 
and provided with plural slots; a processing chamber con- 
nected to said plasma generation chamber; support means 
for a substrate to be processed; provided in the processing 
chamber; gas introduction means for said plasma generation 
chamber and said processing chamber, and evacuation 
means for said plasma generation chamber and said pro- 
cessing chamber, adapted for effecting a plasma process by 
selecting a central radius of said endless annular wave 
guide tube, a wavelength of the microwave in said 
endless annular wave guide tube, a central radius of said 
dielectric member and a wavelength of the surface wave 
propagating in said dielectric member so as to substantially 
satisfy a relationship: 
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wherein q is 0 or a natural number. 

39. A microwave processing method accordiDg to claim 

38, wherein Ihe plasma process is elTcclcd under application 
5 of a magnetic field. 

40. A microwave processing method according to claim 

39, wherein said magnetic field is so controlJed that the 
magnetic field in a vicinity of the slots is at a magnetic flux 
density approximately equal to 3.57x10"*^ (T/Hz) limes of 

10 a frequency of the microwave. 

41. A microwave processing method according to claim 
38, comprising a step of placing said substrate on said 
substrate support means at a position distant from a genera- 
lion area of said plasma. 

15 42. A microwave processing method according lo claim 
38, wherein the plasma process is effected under irradiation 
of the processed substrate with optical energy. 

43. A microwave processing method according to claim 
42, wherein said optical energy includes ultraviolet light. 

20 44. A rnicrowave processing method according lo claim 
38, wherein ihe plasma process is elTecled by supplying high 
frequency lo said support means. 

45. A microwave processing method according to claim 
38, wherein an interior of said wave guide tube Ls filled with 

25 a fir.st material. 

46. A microwave processing method according to claim 
38, wherein an interior of said wave guide tube is filled with 
a second dielectric material which is different from said first 
dielectric material. 

30 47, A microwave processing method according to claim 
38, wherein said plasma process is film forming. 

48. A microwave processing method according to claim 
38, wherein said plasma process is etching. 
/49. A microwave processing method according to claim 
35 38, wherein said plasma process is ashing, 
w 50. A micitowave plasma processing method wherein a 
substrate is placed in a microwave plasma processing appa- 
ratus comprisingL a plasma generation chamber separated 
from ambient air\y a first dielectric material; a processing 
40 chamber connectecl to the plasma generation chamber; 
means for supporlink a substrate to be processed, lo be 
placed in the processing chamber; microwave introduction 
means utihzing an endl^ annular wave guide tube provided 
around said plasma generfelion chamber and provided with 
plural slots; means for iiHroducing gas for said plasma 
generation chamber and sm processing chamber; and 
evacuation means for said plaama generation chamber and 
said processing chamber, wherei\the interior of said annular 
wave guide lube is filled wilh a second dielectric material 
50 which is Ihe same as or different ^om Ihe first dielectric 
material, thereby effecting a plasma pi^cess. 

51. A microwave processing method according lo claim 
50, wherein a ratio of the dielectric cou.stauts of said first and 
second dielectric materials is approximately equal to a 

55 reciprocal of a square of a ratio of arcumferential lengths of 
said first and second dielectric materials. 

52. A microwave processing method according to claim 
50, wherein said plasma process is effected under appHca- 
tion of a magnetic field. 

60 53. A microwave processing method according to claim 
52, wherein the magnetic field in a vicinity of the slots has 
a magnetic flux density approximately equal to 3.57x10'^^ 
(T/Hz) times of a frequency of the microwave. 

54. A microwave processing method according to claim 
65 50, comprising a step of placing said substrate on said 
substrate support means at a position distant from a genera- 
tion area of said plasma. 
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55. A microwave processing method according to claim 
50, wherein the plasma process is effected under irradiation 
of the substrate with optical energy. 

56. A microwave processing method according to claim 
50, wherein the plasma process is effected by supplying high 
frequency to said support means. 

57. A microwave processing method according to claim 
50, wherein said plasma process is film forming. 
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58. A microwave proccssiag method according to claim 
50, wherein said plasma process is etching. 

59. *A microwave processing method according to claim 
5 50, wherein said plasma process is ashing. 




